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Army Alr Forces, Materliel Command
AERODYNAMIC TESTS OF AN AN~M=65-AZON 1000-POUND
RADIO-CONTROLLED BOMB IN THE IMAL 16-FOOT
HIGH-SPEED TUNNEL
By E. 0. Pearson, Jr,

STUMMARY

Tests were made in the LMAL 1l6-foot hlgh-speed
tunnel to determine the rmerodynamlc characteristics
of & 1000-pound AN-M-65-AZON radlo-controlled bomb at
Mach numbers ranging from 0.2 to 0.6,

Over the Mach number range covered in the tests
the hlnge-moment coefflclents, yawlng-moment coefflclents,
and lateral-force coefflclents exhibited no lmportant
changes with Increasing speed. The drag coefflclents
Increased gradually with increasing Mach nunber but no
sudden increases were observed, The effect on the bomb
aerodynamic characteristlics of antenna struts mounted
on the bomb tall was found to be small.

The rudder and alleron operating mechanlsms were
found to be capable of supplylng several times the
required torques for maximum control daflectlons at a
Mach number of 0.6 at sea level, The operating mecha-
nism 1s also adequate for maximum control deflectlons
at a Mach number of 1.0 provided that no appreclable
Increases in hinge-moment coefficlent occur between
M =0, and M =1.0. However, because of uncertainty
as to the value of the hinge-moment coefficlent at or
near M = 1.0, the deslrabllity of providing more
powerful control mechanisms was 1indlcated.

INTRODUCTION

Tests have been conducted in the IMAL 1l6-foot
high=-speed tunnel to determine the aerodynamic
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characteristics of a 1000-pound A#-M-65-AZON radio-
controlled bomb., Mesasurements of rudde:r hinge moment,
yawing moment, lateral force, and drag were made at a
nunber of tumnel speeds up to a Mach number of about
0.6 which corresponds to & spesd of 670 feet per second
at sea levsl,

Aerodynamlic tests of a two-thirds scale mcdel cf
a similar bomb were conducted prrevicusly at the Daniel
Guggenhelm Airshilp Institute at Altren, Okhlo. These
tests, howewver, wsere made at low alrspeeds and, there-
fore, uncertair extrapoletions of the date to the high-
speed onerating conditlons wovre necessary in the design
of the control mechsnlism ani in peiformance computatlons,

In éron tests of the bombs it was fcund that, while
some ol the experinmentai tombs perfcrmecd satisfactorily,
a large percentags of the production verslion failed to
respond propirly 5o tha control, The present invostiga-
tion was undzsrtakan principally to determine 1f the
lack of cont.,ol of the nroduction bomba was due to
adverss compressiollity effects. It was aliso desired
to obtain high-specd test dats uvron which to bass per-
formance calculations and the design of the control
mechanism,

The Ilnvestlizutlon was undertaken at the request
of the Army Air Forces, Materiel Command.

SYMEQL3 LND DEFINITICNS

v free-stream wveloclty, feet per second

a speed of somd In alr, feet mer second

M Mach number (V/a)

p ma3s density of alr, slugs ner cublc foot

q dynemic prressure, pounds pei sqguare foot (%pV%)

My hinge wmonent acting on one rudder, lnch-pounds
Positive hinge mcments t3nd to chenge the
rudder angle in & positive direction. (See
sketch 1in f1 e 1 1llustrating the sign
conventions.%ur




da distance from rudder hinge axis to tralllng edge
_of rudder, .81 inches

S area of one rudder, 0.282 square foot
Cg hinge-moment coefficient (Mg/qSd)
N yawing-moment, pound-feet
Positlive yawling moments tend to change the

angle of sldeslip in a positiwve direction.
(See fig. 1l.)

F ares of maximum cross section of bomb, 1.918 square
feot
1 over-all length of bomb, 5.613 feet

Cn yawing-moment coefficlent (N/qFl)
Y lateral force, pounds

Cy lateral-force coefficlent (Y/qF)
D drag, pounds

GDF drag coefficient (D/qF)

v angle of sldeslio, cdearees

For positlive angles the bomb nose is to the
right of the line of flight,

Oq rudder angle wilth respect to the neutral posltion,
degrees
For positive angles the tralling edze 1s to the
left.

The dimensions given above, together with other
dimensions which might prove useful, are shown 1n fig-
ure 2.

DESCRIPTION OF BOMB AND APPARATUS

The AN-M-65-AZON bomb conaists of a standard
M-65 bomb cese to which ls fitted a speclal tall unit
equipped with movable control surfaces and housing a
control mechanlism capable of being operated remotely
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by redio. The bomb can he controlled only in the left
and right or azimuth direction, hence, the deslgnatlon
AZON an sabbreviation of "azi:mmth only." A gyroscopilc-
control mechanism operates the horlzontal control sur-
faces differentlially as allerons to prevent the bomb
from rolling in flight.

For these tests part cf the control apraratus was
removed from the tall and straln-gage equlpment for
measuring rudder hinge moments was installed., Since
the allerons and rudcders were identlcel, hinge-moment
data spoly equally to both. For thils reason no provislon
was made for measuring aileron hinge moments directly
and the allerons were locked 1n tho nsutral posltion
throughout the tests.

In order to facilitate installation and testing
the bomb was mounted In the twnel in a positlon 900
in roll from its normel flight poaitlon so that rudders
became 2levators, yawlng mcments became pitching moments,
etc. The results throuvgaout the renort, howsever, are
glven in terms consistent witn the flight orlentation.

The bomb was supported on the tunnel center 1llne
by means of a single vertical strut 8 inches in chord
and of NACA sectlon 16-009., The strut was shielded by
a falring of the same section to wlthln abcut 10 inches
cf the bomb case. TIn addition, four 0,030-inch wires
wore attached tc the boanb to nrovide lataral support.
The wires snd surport strut wore .nounted on the balance
frame and were lncluded in ths force measurements. A
photogranh of the bomb 1nstalled in the tunnel 1s shown
In figure 3.

The angle c¢f 31desllp of tke homb was varliable
from =20° to 20° through rixsd increments by means of
an internal indexing mechanlsam whlile ths rudder angle
was continuously variable from -20° to 200 by mesans
of a slotted plate arrangement,.

As recelved, the bomt tall was fltted with four
struts whick, 'n addition to serving as braces for the
tall surfeces, also served &s the radlo antenna., The
struts may be seen ln figure 3,



TEST PROCEDURE

The test procedure consisted of measuring rudder
hinge moment, yawlng mcment, lateral force, and drag
at a number of speeds up to a Mach number of approxi-
mately 0.6 for each combination of rudder angle and
engle of sideslip. In determining the bomb charac-
terlstlcs only the negative range of sideslip angles
(0° to =200) was investigated in order to keep the bomb
tall outslde the wake of the support strut and its
fairing. The angular range of 00 to 20° was employed
in determining the support-strut tares, The range of
rudder angles tested was from -15° to 20°., Most of the
test runs wers made with the antenna tall struts
Installed but a few runs were made with the struts
removed for purposes of comparlson., This information
on the effect of the antenna struts was specifically
requosted by the Army. The results throughout the report
are glven for the struts-installed conflguration unless
otherwise speciflcally noted,

During the tests deflectlions of the bomb in the
direction of the ulr flow were measured and correctlons
to the yawling moment applied to account for the change
in position. 1In addition, a callbration was later made
to determine the angular deflectlons of bomb and rudders
under the Influence of the aerodynamic loads.

Strut tare forces were measured with the ald of an
image strut mounted as shown in figure li. Wire tare
forces were determined simply by makling measurements
with the wires removed.

Yawing moment, lateral force, and drag data have
been corrected both for tares and for the angular
deflectlions of bomb and rudders under asrodynamic loads,

Corrections for the deflectlions have not been applled
to the hinge-moment data. As presented the hinge-moment
coefficlient is about 9 percent too low at the greatest
negative bomb and rudder angle and at the highest tumnel
speed,which 1is the extreme casse.

RESULTS AND DISCUSSION

Curves of yawlng-moment coefflclient, lateral-force
coefflclent, and drag coefflclent versus Mach number are
presented in figures 5 through 18, It should be pointed
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out that the ¥ = -0,5° and 6r = 0° curves shown in
figures 5, 11, and 17 are belliewed to be slightly 1n error
due to friction 1n the balance system during that particu-
lar test run. Thils 1s iIndicated by the scatter of the
test points particularly at the lower speeds.

Derived curves of yawing moment, lateral force, and
drag coeffliclents versus sldesllip angls are given in fig-
ures 19, 20, and 21. PFlgure 22 shows the lateral force
and drag coeflficlents at trim as a funetion of the rudder
angle., The effect of center-of-gravity location on the
stabllity and trim angles of the bomb 1s shown in fig-
ure 23, Hinge-moment data are presented in figures 2l
through 31. Flgure 32 !s a photozraph of a rudder after
structursl fallure has occurred.

Yawing moment.- Yawlng-moment coefficlent data ars
presented En fTgures 5 through 10, During the tests

yawlng moments were measured about a point 22.38 inches
from the bomb nose. In the data nresented 1n the report
the moments were transferred to a point 28.60 inches
from the nose of the bomb, whlich was the center-of-
gravity locatlon of sand-filled bombs used 1in the drop
tests, mentloned earlisr in the report.

The figures show that the varliation of the yawing-
monment coefficient with Mach number is small for all the
rudder angles and angles cf slidesllp over the range of
speeds covered 1n this investigation., Figures G and 10
show the varilatlon of yawlng-mnoment coefficliant with
Mach numnber with the antenna struts removed. From a
comparison of these flgures with flgures 5 and 7 1t
wlll bs seen that the struts have practically no effect
on the yawlng-moment coefficient.

Lateral force.- Curves of lateral-force coefficlent
versus Mach number for the various rudder angles and
angles of sldeslip are presented in figures 11 through 16,
In general, the coefflelent increases negatively wilth
Increacing NMach nwnber. The change 1s slight, however,
Figures 15 and 16 stcw the varietion of lateral-force
coafficlent with Mach number with the antenna struts
removed, As In the case of the yawlng-moment coefflicients
the effect of the struta on the lateral-force coefficlent
1s small,

Drag.- The varltation of drag coefflclient with Mach
number Is shown in figure 17 for various angles of side-
8lip and rudder angles. No sudden increases 1in the drag



coefficlent occurred In the speed range of the tests,
Curves for a few of the slcesllip and rudder angles have
not been plotted in figure 17 to avold excesslve con~-
gestion and overlapping. Curves of the drag coefficlent
versus Mach number with the antenna tall struts removed
ere given in figure 18, A comparison of this figure with
Filgure 17 shows that for a sideslip angle of -0.50 and a
rudder angle of 0° removal of the struts results in a
decrease in the drag cosfficlent of 0.009 or about 5 per-
cont of the minimum drag.

Bomb characterlstlics as a functlon of sidesllp
angle.- Curves ol yawing-moment coefilclent, lateral-
orce coefflclent, and drag coefficlent varsus the angle

of sidesllip are presented in figures 19, 20, and 21,
reapectlvely. These curves are cross plots of the faired
yawlng-moment, lsteral-force, and drag coefficlent curves
previously presented., Since the variatlion of the coeffl-
clents wilth Mach number was not appreclable except for
the drag coefficlent only Lhs curves for a Mach number
cf 0,6 are skown. It will be noted from figure 19 that
the bomb stabllity decreases slightly as the angle of
sldesllip approaches zero, At the larger negative slde-
sllp angles and positive ruddsr angles there 1s ealso
some decroase in stabllity with increasing angle of
sideslip.

Trim conditions.- Flgure 22 shows the lateral-force
and drag coelllclents obtaining at trim for various
rudder deflections. It will be sesn that for the maxil-
mun ruddeir deflection of 20° and at a Mach number of 0.6
the bomb trims in an attltude four which the lateral-force
coefficient 1s -0.422 and the drag coefficient is 0.360.
Reference to fizure 19 shows tnat thie corresponding angle
of sideslip for trim is -10.5°

Bomb maneuverability.- The following table 13 pre-
sented to lllustrate rocughly the magnltude of the lateral
deviatlons possibls when the bomb is dropped from 4dif-
ferent altlitudes. It 1s assumed that the bombing air-
plane 1s flylng at a constant lndlcated airspeed of
175 miles per hour and that the meximum bomb rudder
deflection of 20° 1s maintained over the entire flight
path. The left-hand column glves the helght above sea
level which is also considered to bs ground level and
the rlght-hend colum glves the approximate value of
the maximum latersal deviation possible when the bomb 1s
released at the corresponding altitude,




Altitude of releass Apvroximate maximum lateral

deviation
(ft) (£t)
5,000 600
10,000 1600
15,000 800
20,000 200
25,000 5800

Effect of changes In the center-of-gravlity
location.- Flgure <3 showe the efiect upon trim angle

and stabllity of a change in the center-of-gravity
location 2 inches backward or forward from the 23.6-inch
point. A more rearward location of the center of gravity
results 1n a reductlion In stabllity and an increase in the
angle of sideslip for trim with a consequent lncrease in
the lateral-forcs coefficlent, A loccation forward of the
23,6-1nch polnt results, of course, in the opposite
effect,

With the data presented gawing-moment coefficlents
may be transferrsd from the 28,6=inch point to any new
polnt by the relation

Cn = Onyy , * (cy cos xu)% + {Opp sin w)g

where x 1s the distence from the 28.6-inch point to

the new point measured along the bomb longitudinal axls,
The value of x 1s vositive 1f the new polnt is to the
rear of the 28.6-1inch noint and negative 1f to the front.

Hinge moment.- Rudder hinge-moment deta are presented
in figures 2} through 31. Figures 2l through 27 show the
variaetion of rudder hinge-moment coeffilclent with Mach
number for various rudder angles and angles of sldeslip.
It may be saen that for the smaller angles of sldeslip
and rudder angles there 18 1little varlation of the hinge-
moment coefflcient with Mach number., The change becomses
more pronounced for the larger angles but is not important
In any case over the range of speads covered in the tests,
It 1s clear that any loas of contirol of the bomb at Mach
numbers of 0.6 and below cannot be attributed to radlcal
changes in hinge moments due to compressibllity effects.
Figure 28 shows the variation of hinge-moment coefficilent
with rudder angle for various angles of sldesllp and




Mach numbers., Flgures 29 and 30 show the wvarlation of
hinge-moment coefficlent with Mach number with the antenna
struts removed. Figure 31 shows the variation of hinge-
moment coefficlent with rudder angle for the same con-
figuration. A comgarison of these flgures with fig-

ures 2, 26, and 2B shows that the struts have no
aopreclable effect on the rudder hinge-moment coefflclent.

From tests in the INAL Instrument Research Divislon
on the rudder and alleron operating mechanlisms 1t has
been determined that the maximum torque avallable for
holding the rudders in a gliven position 1s 200 inch-
pounds. For a rudder deflectlion of 20° and the corre-
sponding angle of sideslip for trim of -10.5° the total
hinge moment acting on both rudders st a Mach number
of 0.6 at sea lsvel 1s 52 inch-pounds. If it is assumed
that no change in the hinge -nmoment coefflclient occurs
between M = 0.6 and M = 1,0, the torque required at
a Mach number of 1.0 is 1,5 inch—pounds. Such an assump=-
tion 1s somewhat doubtful, however, and 1f appreclable
increases in the hinge—moment coefficlent do occur, then
at or near a Mach number of 1.0 at sea level the torque
may be insu;ficient to maintain the maximum rudder
deflection of 20°

For the maximum alleron deflection of t6° and an
angle of sldeslip of =-0.5° the torque required for one
alleron at a ¥ach number of 0,6 at sea level is 11 inch-
pounds, Assuminz as before that no change in the hlnge-
moment coefficient occurs between K = 0.6 and M = 1.0
the torque requirad at M = 1.0 1s 30 inch-pcunds. The
meximum ailleron torque avallable at the 6° deflectlion was
determined to be L0 inch-pounds. although the assumption
of no change 1n the hinze-moment coefflclent betweean
M=0.,6 and M = 1.0 Is more reasonable for the case
of the small alleron deflectlion than for the larger
rudder deflectlon, the margin of torque available over
torque required at the higher speeds 1s not large in any
case,

It would thus appear desirable from the foregolng
conalderations to employ both alleron and rudder
operating mechanisms more conservative with regard
to torque avallable.

Rudder fallure.- During a routine inspsction of the
bomb upon completlon of a test run 1t was found that
fallure of one of the rudders had occurred along the
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spot-welded skin joint at the hinge axis. Up to the
time the failurs was dlscovered 3% test runs, each of
about }5 minutes duratlon, nad been completed. The
fallure eppoared to bes due to fatigue., Figure 32 1s a
photograph of the broken rudder,

CORCLISIONS

Acerodynamic testa of a 1000-pound AZON baomb at
Mach numbers ranging from 0.2 to 0.6 have indicated
the followlng conclusions:

1. There were no appreaciable compressihllity effects
on the rvdder hlnge-moment ccefficients, the yawlng-
moment co9flficlents, or on the lateral-force coefflclents,
The dreg coefflclents increansed gradually but no sudden
increases occurred,

2., Removel ol the antenna struts from the tall had
only a slighi effect on the azerodynamic characteristlcs,

3. The torques supplied by the rudder and alleron
operating mechanisms were found to be several times
the to»cuea requlred at a Mech number of 0.6 at sca
level for maximum conti'ol deflectlons. If no apnreclable
lrcrsases in the hings-romsnt coefilelent occur betwsen
M=0.6 and ¥ = 1.0, the avallable torque will be
adequnis at & Mach nuanher of 1,0, Becarse of some
uncerizinty regarding the hinge~momsnt coefficlent at
M =1.U, however, it would appsar desirable to smploy
rudder and alleron opereting mechanlsms having greater
avallable torque.

Langlov Memorial Aeronautical Laboratory
National Advisorv Commlttee fcr Aeronputics
Langlov Fleld, Va., June 16, 194

it C. fRarrony)y

Ernest 0., Pearson, Jr.
Aeronsutical Englneer
Approved:

John Stack
Chief of Compressibility Research Division
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FIGURE LEGENDS

Figure 1l,~- Sketch showing sign conventions for angles,
Tt - - - forces and moments.

ram~ wa am oo

Figure 2.~ Sketch showing dimensions of AN-M-65-AZON bomb.

Flgure 3.- AN-M-65-AZON 100G-pound bomb installed in the
16-foot high-speed tunnel.

Flgure l.- Setup employed for determining supnort-strut
tares,

Flgure 5.- Varlation of vawlng-moment coefficlent with
Mach number for several rudder angles ¥ = -,59,

Flgure 5.~ Variation of yewing-moment coefficient with
Mach number for several rudder angles ¥ = -10.59°.

Floure 7.~ Variatior of 7uwlni-monent coefficlent with
Mach numba3r for sevsral rudder angles Yy = =15,50,

Figure 3.~ Varlatlon of yawing-moment coeflfliclent wlth
lMach number Ffor several rudder anglas ¥ = -20.5°,

Floure 9.~ Variatlon of rawlng-moment coefficient with
Mech number for several rudder angles v = ,50;
arntonmma struts remowved.

Figure 10.,- Varistion of vawing-moment coefficient with
Mach number for sewveiral rudder angles ¥ = -15.5%9;
antenne struts removed.

Flzure 1l,.,~ Varletlion of lateral-force coefficient with
Mach number for several rudder angles ¥ = -,50,

Flgure 12.~ Varlation of lateral-~foirce coefficlent with
Mach number for several rudder angles V = -10.5°.

Flgure 13.- Varlation of latersl-force coefficlent with
Mach number for several rudder angles WV = =15.5°,

Figure 1l .- Variation ol lateral-rorce coefficlent with
Mach number for several rudder angles V¥ = -20,5°,

Figure 15.- Varlation of lateral-force coefflclent with
Mach number for several rudder angles ¥ = -,59;
entenna struts removed.

Plgure 16.- Variastion of lateral-force coefficlent with
Mach numbor for several rudder angles ¥ = -15.59;
antenna struts removed.




FIGURE LEGENDS - Concluded

Figure 17.~ Varlation of drag coefflclent with Mach numbér
for several angles of slideslip and rudder angles.

Figure 18.- Variation of drag coefficlent with Mach numbér;
entenna struts removad.

Varlation of yawlng-moment coefflicient with

Flgure 19,-
sideslip for seversl rudder angles M =0.6.

angles of
lateral-force coefficient with

Figure 20.= Variatlion of

angle of sideslip for severel rudder angles XN =0.6.
Flgure 21l.- Varlation of drag coefficlent with angle of
8l1desllp Tor ssveral rudder angles 2 =0.6.

Flgure 22.~ Drag and lateral-iorce coafficlants at trim
versus the rudder angle for several Mach numbers,

Tgure 23%.- Varlation of yawing-moment coefficient with
angle of sideslip for three center-of-gravity locations

M = 0.6.

Pigure 2li.- Varlation of rudder
wlth Maclh number for several

Flgurs 25.- Varlation of rudder
wilth Mach numhar for seversal

Figure 2€.- Varlation of rudder
wlthh Mach number for sewvsral

Flgure 27.- Variation of rudder
with Mach number for several

Figure 28.- Veriation of rudder
wilth rudder angie Jor
Mach numbers,

Flgure 29.- Verlation of rudder
wlth Vach number for several
antonna struts removed.

Migure %30,~ Varlatlon of rudder
wlth Msch number for seversal
antenna struts removed,

hinge-moment coefficlent
rudder angles ¥ = -0,59,

hinge-moment cosfflclent
rudder angles WV = -10.50,

hinge-moment cosfficlent
rudder angles V¥ = -15,50,

hinge-moment coefficient
rudder angles W = -20,50,

hinge-~onment coefficlent

saveral angles of sldeslip and

hinge-moment coefficlent
ruader angles VW = -0,50;

hinge-mcment coefficlent
rudder angles V = -15.50;

Filgure 3l.- Variatlon of rudder hinge-moment coefficient
with rudder angle; antenna struts removsd,

P gure 3%2.- Rudder fallure.
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Fgure 2.~ Sketch showing dimensions of AN-M-65-AZON Bomb.
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Figure 3.- AN-M-65-AZON 1000-pound bomb installed
in the 16-foot high-speed tunnel.



Figure 4.- Setup employed for determining support-
strut tares.
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Figure 32.- Rudder failure.
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